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(54) Apparatus for generating an electron beam 

(57) Tlie invention relates to apparatus for generat- 
ing an electron beam with) an optical waveguide, a ligfit 
souree wliich is coupled on one end of the optical 
waveguide, a coating Ibr generated electrons wtiich is 
applied to tfie otfier end of the optical waveguide as well 
as field-generating means in order to lower the electron 
work function of the coating so fat that a photoemission 
current can be generated. According to the invention a 
metal caibide is used as the coating. 
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Description 

The invention relates to an apparatus for generating 
an electron beam according to the preamble to Claim 1 
as well as an electron beam device according to the 
generic concept of Claim 1 1 . 

Rom US-A-5,041,724 there is known a method of 
operating an electron beam device which has a cathode 
which can be acted upon by a photon beam, an anode 
for accelerating the electrons released from the cathode 
in the direction of an optical axis, an objective lens and 
a detector for delecting the secondary particles 
released from a specimen. The cathode which is con- 
structed as a tip is irradiated laterally with photons, the 
energy of which is lower than the electron work function 
of the cathode material and the work function is reduced 
with the aid of an external electrical field to such an 
extent that photoemission but no field emission occurs. 

In another embodiment, instead of the external 
electrical field the cathode is heated to such an extent 
that photoemission but no thermal emission occurs. 

However, the lateral focusing of the photons onto 
the cathode tip is relatively complicated. 

Apparatus for generating an electron beam accord- 
ing to the preamble to Claim 1 is known from US-A- 
4.868,380. The photocathode described there is pro- 
duced by a semiconductor coating of one end of the 
optical waveguide. The photons are fed at the other 
end. 

Semiconductor materials do indeed have a sub- 
stantially lower electron work function than other cath- 
ode coatings, such as gold and tungsten, but this 
coating of tiie cathode tip is relatively difficult to pro- 
duce. 

if for example vapour-deposited B-W-B, B-W or Cr 
emission layers are used instead of the semiconductor 
layer, tiie electron work functions of these layers are so 
high that the photoemission cun-ent produced by visible 
light in continuous mode is only a fraction of the field 
emission current, approximately 1/10 to 1/3. 

The object of tiie invention, tiierefbre. is to make 
further developments to the apparatus for generating an 
electron beam according to the preamble to Claim 1 or. 
respectively, to the electron beam apparatus according 
to the generic concept of Claim 1 1 in such a way tiiat 
the ratio of photoemission cunent to field emission cur- 
rent is significantiy improved, particulariy when excited 
by visible light. 

This object is achieved according to the invention 
by tiie characterising features of Claims 1 and 1 1 . by the 
use of a metal carbide as coating for one end of the opti- 
cal waveguide. From the tests on which the invention is 
based it has been shown that metal carbide coatings 
have a comparatively low electron work function and as 
a result the supporting extraction field can be corre* 
spondingly reduced in strength. The metal carbide com- 
pound is furtiier distinguished by a high hardness. 

The combination of the coating witii a metal carbide 



on one end of the optical waveguide and the feeding of 
tiie light witii the aid of a laser diode is particulariy 
advantageous. Laser diodes are distinguished over 
conventional gas and solid state lasers particularly by 

5 small dimensions, high efficiency for the light genera- 
tion, ability to be directly modulated up to high frequen- 
cies and low power consumptions. However, the use of 
such laser diodes for the field-assisted photoelectron 
emission is only meeningfut if the coating material has 

to an electron work function of less than 4 eV. as is the 
case with metal carbides. 

In a further embodiment of the invention means are 
provided for generating circularly polarised light on the 
end of the optical waveguide which is provided with the 

15 coating. With this, polarised electrons are generated, 
with which domain structures can be imaged on ferro- 
magnetic surfaces. 

Further embodiments of the invention are the sub- 
ject matter of the subordinate claims and are explained 

20 in more detail below with reference to the description 
and the drawings, in which: 

Rgure 1 shows a schematic representation of an 
electron beam device according to tiie invention. 

25 

Rgure 2 shows a partial sectional view of the appa- 
ratus acx:ording to the invention for generating an 
electron beam. 

30 Rgure 3 shows a schematic overall view of the 
apparatus for generating an electron beam and 

Rgure 4 shows a schematic view of the means for 
generating circularly polarised light. 

35 

Rgure 1 shows an electron beam device 1 with 
which a focused electron beam 2 can be generated in 
an optical column 3. This column 4 essentially has, in 
addition to a large number of magnetic and/or electric 

40 lenses and apertures (which are not shown here) for 
beam shaping, an apparatus 4 for generating the elec- 
tron beam 2, an objective lens 5 for focusing the elec- 
tron beam onto a specimen 6 and a detector 7 for 
detecting tiie secondary or backscattered electrons 

45 released on tiie specimen . 

Within the objective lens 5 a deflecting system 8 is 
provided in order to deflect the electron beam 2, as is 
necessary for example during scanning of the specimen 
6. The objective lens itself is consti'ucted as an electro- 

50 magnetic lens with a magnetic lens 5a and an electro- 
static lens 5b. 

The construction and the operation of the appara- 
tus 4 for generating the electron beam are explained in 
more detail below with reference to Figures 2 and 3. 

55 The apparatus 4 is formed by a field-assisted photo- 
cathode 40. One end of an optical waveguide 41 is 
shaped as a tip. provided in the region of its tip with a 
coating 43. and is used as the emitter. The radius of this 
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tip. is advantageously between 0.05 and 1 .0 pm. 

A light source 42 is coupled on the other end of the 
optical waveguide 41 in a suitable manner. The optical 
waveguide 41 is for example formed by a glass fbre 
with a core 41 a and a cladding 41b. 

According to the invention a metal carbide, such as 
for example CrC or TiC, is used for the coating 43. The 
electron work functions of such metal carbide layers are 
less than 4 eV and thus are substantially lower than the 
work functions of the materials such as gold or tungsten 
which are usually used. 

In addition to a low work function, the coating is also 
required to have a sufficiently high conductivity and 
adequate transparency. Furthermore, it must adhere 
firmly to the optical waveguide and have a high mechan- 
ical hardness. 

In order to be able to generate photemlssion by vis- 
ible light, a high extraction field is necessary in the 
region of the cathode tip. The field-generating means 
are formed for example by an extraction electrode 44 
which is positively charged with respect to the cathode 
40. As a result the work function is locally lowered in the 
region of the cathode tip so far that the visible light fed in 
from the light source 42 generates a photoemission cur- 
rent. 

In the beam path after the extraction electrode 44 
there is also provided an anode 45 which, depending 
upon the application, is kept at a higher or lower poten- 
tial than that of the extraction electrode 44. In one case 
the released electrons are further decelerated. 

The light source 42 feeds light with a wavelength of 
200 to 800 nm into the optical waveguide 41 . So-called 
laser diodes can be used particularly advantageously 
as light sources 42 within the scope of the invention for 
this wavelength range. Laser diodes are distinguished 
over conventional gas and solid state lasers particularly 
by small dimensions, high efficiency for the light gener- 
ation, ability to be directly modulated up to high frequen- 
cies and low power consumption. 

The light generated by the light source 42 is fed into 
the optical waveguide 41 by means of an optical adapter 
46 and a lens 47, for example a "GRIN lens". 

Whilst the actual cathode 40 is arranged inside a 
vacuum chamber 48, the light can easily be fed outside 
this vacuum chamber into the optical waveguide 41. 
Thus the optfoal waveguide 41 must merely be intro- 
duced into the vacuum chamber 48 by way of a suitable 
sealing sleeve 49. 

if the small surface of the cathode tip is continu- 
ously illuminated, the laser power which can be applied 
is limited to a few mW because of the heating of the tip. 
However, since laser diodes are particularly suitable for 
generating short light pulses, increased illumination 
intensities can be used in such short pulses. Thus for 
example light pulses with high intensity can be gener- 
ated in the picosecond range. These light pulses are 
generated with a pulsing arrangement which is not 
shown in greater detail. This pulsing arrangement is 



coupled to a blanking system 9 (Rgure 1) in order to 
achieve blanking of the electrons merely released by 
field emission, which causes a t>ackground current. 
A further possibility for the field-assisted pho- 

5 toemission source is the generation of polarised elec- 
trons. For this the cathode tip must be illuminated with 
drcularly polarised light. The emt>odiment illustrated in 
Figure 4 shows means for generating circularly polar- 
ised light. They consist essentially of a polariser 50, 

10 which linearly polarises the light generated by the laser 
diode 42. In tiie sulssequent arrangement 51 the inci- 
dent linearly polarised light is divided into two linearly 
polarised components which are perpendicular to one 
another and displaced by Such an arrangement 51 

15 can be formed for example by a so-called Soleil com- 
pensator. With equal arrplitude circularly polarised light 
is produced. 

It must be noted, however, that within the optical 
waveguide the phase shift between two linearly polar- 
20 ised waves can change. A suitable counter-compensa- 
tion is therefore necessary in order to ensure that the 
light on the cathode tip is circularly polarised. 

The polarised electrons which can be generated 
with circularly polarised light can be used particularly 
25 advantageously with electron beam devices in order to 
image domain structures on ferromagnetic surfaces. 

Claims 

30 1. Apparatus (4) for generating an electron beam (2) 
witii 

an optical waveguide (41 ), 

35 - a light source (42) which is coupled on one end 
of the optical waveguide. 

a coating (43) for generating electrons which is 
applied to the other end of ttie optical 
40 waveguide, as well as 

field-generating means in order to lower tiie 
electron work function of the coating so far that 
a photoemission cun^ent can be generated, 

45 

characterised in that a metal cart>ide is used as ttie 
coating. 

2. Apparatus as claimed in Claim 1, characterised in 
50 that the light source (42) feeds light witii a wave- 
length of 200 to 800nm into the optical waveguide. 

3. Apparatus as claimed in Claim 1. characterised in 
tiiat ttie light source (42) is formed by a laser diode. 

55 

4. Apparatus as claimed in Claim 1, characterised in 
that the light source generates light pulses. 
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5. Apparatus as claimed in Claim 1 . characterised in 
that the metal carbide coating has a work function 
of < 4 eV. 

6. Apparatus as cisumed in Claim 1 . characterised in 
that the end of the optical waveguide (41) provided 
with the coating (43) is constructed, as a tip. 

7. Apparatus as claimed in Claim 1 . characterised tn 
that the radius of the tip is between 0.05 and 1.0 
^m. 

8. Apparatus as claimed in Claim 1, characterised in 
that the field-generating means have an extraction 
electrode (44), an extraction field being provided 
between the end having the coating (43) and the 
extraction electrode. 

9. Apparatus as claimed in Claim 1 , characterised by 
means for generating circularly polarised light 

10. Apparatus as claimed in Claim 9. characterised in 
that the means for generating circularly polarised 
light have a polariser (50) for generating linearly 
polarised light and an arrangement (51) which 
divides the linearly polarised light from the polariser 
into two linearly polarised components which are 
perpendicular to one another and are diplaced by 
^74. 

1 1 . Electron beam device conprising 

a) apparatus (4) for generating an electron 
beam with 

an optical waveguide.(41). 

a light source (42) which is coupled on one 
end of the optical waveguide. 

a coating (43) for generating electrons 
which is applied to the other end of the 
optical waveguide, as well as 

field generated means in order to lower the 
electron work function of the coating so far 
that a photoemisston current can be gener- 
ated, 

b) an objective lens (5) for focusing the electron 
beam (2) onto a specimen (6) as well as 

c) a detector (7) for detecting secondary or 
bacKscattered electrons released from the 
specimen, 

characterised in that a metal carbide is used as the 
coating. 



1 2. Electron beam device as claimed in Claim 1 1 , char- 
acterised in that a blanking system (9) is provided. 
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Fig. 2 
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